Background: To date, there is a wealth of literature describing the deleterious effects of active alcoholism on cognitive function. There is also a growing body of literature on the extent of cognitive recovery that can occur with abstinence. However, there is still a dearth of published findings on cognitive functioning in very long-term abstinence alcoholics, especially in the elderly population.
T HE DELETERIOUS EFFECTS of chronic alcoholism on cognitive functioning have been well documented for over a century beginning as early as the 1880s with Wernicke and Korsakoff (Korsakoff, 1887; Wernicke, 1881) . In the 1980s, Finlayson et al. (1988) reported that among patients receiving treatment for alcohol-related disorders, up to 23% had dementia of some type. More recent studies have continued to investigate the harmful effects of chronic alcohol abuse on brain structure and function (Brun and Andersson, 2001; Butterworth, 1995; Diamond and Messing, 1994; Emsley et al., 1996; Harper and Matsumoto, 2005; Heap et al., 2002; Kim et al., 2002; McMurtray et al., 2006; Mochizuki et al., 2005; Ratti et al., 1999; Saxton et al., 2000; Schmidt et al., 2005; Smith and Atkinson, 1995; Victor, 1994) .
In more recent years, there has also been a shifting of focus towards examining the extent of cognitive recovery that can occur with sustained abstinence. There are a number of studies reporting the persistence of cognitive deficits in alcoholics with relatively short-term abstinence (Block et al., 2002; Di Sclafani et al., 1995; Fama et al., 2004; Fein et al., 1990; Moriyama et al., 2006; Munro et al., 2000; Sullivan et al., 2000b Sullivan et al., , 2002 Tedstone and Coyle, 2004; Zinn et al., 2004) , especially in executive function, memory, and spatial processing. However, there is encouraging evidence from studies examining alcoholics with slightly longer abstinence durations that suggests that recovery or improvement in these domains can occur (Bates et al., 2005; Munro et al., 2000; OscarBerman et al., 2004; Rosenbloom et al., 2004; Sullivan et al., 2000a) .
Despite research efforts in studying cognitive recovery in abstinent alcoholics, there is a scarcity of data on long-term abstinence, with most studies focusing on treatment samples and 3-to 12-month follow-up after treatment. The lack of research on cognitive functioning in long-term abstinence is even more pronounced in the elderly population. To our knowledge, there has not been a single study published on the cognitive functioning of elderly alcoholics with very long-term abstinence. Studies in the elderly are particularly important because age has been consistently implicated as a major factor modulating the effects of alcohol abuse on brain structure and function (Fama et al., 2004; Goldman et al., 1983; OscarBerman et al., 2004) . In fact, age is one of the strongest variables modulating the effects of chronic alcohol abuse on brain structure and function.
Furthermore, cerebral reserve capacity (as indexed by premorbid brain size, cranium size, and premorbid IQ) is an important variable to consider when examining cognitive morbidity secondary to any neurodegenerative disease. Cerebral reserve capacity refers to the brain's ability to maintain normal function in the face of neurodegenerative processes (such as Alzheimer's disease, aging, and chronic substance abuse), and is commonly measured using estimates of premorbid brain size (Di Sclafani et al., 1998; Graves et al., 1996; Mori et al., 1997) or premorbid IQ (Satz, 1993; Schmand et al., 1997) . In a recent article, we examined in detail, the implications of cerebral reserve capacity for the study of alcohol and drug abuse .
We recently published a manuscript examining cognitive performance in long-term abstinent (mean abstinence duration 6.7 years), middle-aged alcoholics (mean age 46.8 years) (Fein et al., 2006) . The abstinent alcoholics performed comparably to controls in all areas of cognitive functioning, except for a minor deficit in spatial processing. This current manuscript investigates whether or not elderly long-term abstinent alcoholics demonstrate impaired cognitive functioning when compared with age and gender comparable controls. It also examines whether the aging brain is more vulnerable to the effects of heavy drinking on cognitive function by comparing abstinent elderly alcoholics that stopped drinking before 50 years of age, those who stopped drinking between 50 and 60 years of age, and those who stopped drinking after 60 years of age. Furthermore, the manuscript examines the possible effect cerebral reserve capacity has on cognitive functioning in these samples.
MATERIALS AND METHODS

Participants
A total of 143 participants were recruited from the San Francisco Bay Area community by postings at AA meetings, mailings, newspaper advertisements, a local Internet site, and participant referrals. The study consisted of 2 groups, elderly abstinent alcoholics (EAA) and age and gender comparable light ⁄ nondrinking normal controls (NC). The EAA group (n = 91) contained 49 men and 42 women, ranging from 58 to 85 years of age (mean = 67.3 years), abstinent from 6 months to 45 years (mean = 14.8 years). The EAA group was divided into 3 sub-groups: (1) individuals that attained sobriety from alcohol before the age of 50 years (EAA1); (2) individuals that attained sobriety between the ages of 50 and 60 years (EAA2); and (3) individuals that attained sobriety after the age of 60 years (EAA3). The inclusion criteria for the EAA groups were as follows: (1) met lifetime DSM-IV (American Psychiatric Association, 2000) criteria for alcohol dependence, (2) a lifetime drinking average of at least 100 standard drinks per month for men, and 80 standard drinks per month for women, and (3) abstinence for at least 6 months. A standard drink was defined as 12 oz beer, 5 oz wine, or 1.5 oz liquor.
The control group consisted of 22 men and 30 women, ranging from 60 to 85 years of age (mean = 68.8 years). The inclusion criterion for the NC group was a lifetime drinking average of less than 30 standard drinks per month, with no periods of drinking more than 60 drinks per month.
Exclusion criteria for both groups were as follows: (1) lifetime or current diagnosis of schizophrenia or schizophreniform disorder (assessed by the c-DIS-computerized Diagnostic Interview Schedule) (Robins et al., 1998) , (2) history of drug abuse or dependence (other than nicotine or caffeine), (3) significant history of head trauma or cranial surgery, (4) history of significant neurological disease, (5) history of diabetes or stroke, (6) laboratory evidence of hepatic disease, or (7) clinical evidence of Wernicke-Korsakoff syndrome.
Procedures
All participants were fully informed of the study's procedures and aims, and signed a consent form prior to their participation. Participants completed 4 sessions that lasted between an hour and a half and 3 hours, and included clinical, neuropsychological, electrophysiological, and neuroimaging assessments. Normal controls were asked to abstain from consuming alcohol for at least 24 hours prior to any lab visit. A Breathalyzer (Intoximeters, Inc., St Louis, MO) test was administered to all participants. A 0.000 alcohol concentration was required of all participants in all sessions. Subjects were compensated for time and travel expenses upon completion of each session. Participants that completed the entire study were also given a completion bonus.
General Assessment
All participants participated in the following assessments: (1) psychiatric diagnoses and symptom counts were gathered using the c-DIS (Robins et al., 1998) , (2) participants were interviewed on their drug and alcohol use using the lifetime drinking history methodology (Skinner and Allen, 1982; Skinner and Sheu, 1982; Sobell and Sobell, 1990; Sobell et al., 1988) , (3) medical histories were reviewed in an interview by a trained research associate, (4) blood was drawn to test liver functions, and (5) the Family Drinking Questionnaire was administered based on the methodology of Mann et al. (1985) and Stoltenberg et al. (1998) . The Family Drinking Questionnaire asked participants to rate the members of their family as being alcohol abstainers, alcohol users with no problem, or problem drinkers. Family History Density (FHD) was defined as the proportion of first degree-relatives that were problem drinkers.
Neuropsychological Assessment
The neuropsychological assessments were administered in 1 session. The battery began with the administration of the following individual tests: Rey-Osterrieth Complex Figure ( copy, immediate, and 20 minute delayed) (Osterrieth, 1944) , Trail Making Test A and B (Reitan and Wolfson, 1985) , Symbol Digit Modalities Test (written administration only) (Smith, 1968) , American version of the Nelson Adult Reading Test (AMNART) (Grober and Sliwinski, 1991) , Short Category Test (booklet format) (Wetzel and Boll, 1987) , Controlled Oral Word Association Test (COWAT) (Benton and Hamsher, 1983) , Paced Auditory Serial Addition Test (PASAT) (Gronwall, 1977) , Block Design (WAIS-R) (Wechsler, 1981) , Stroop Color and Word Test (Golden, 1978) , Fregly Ataxia Battery (Fregly et al., 1973) , and the Simulated Gambling Task (Bechara et al., 1994) .
After a 15-minute break, the participant completed the MicroCog (MC) Assessment of Cognitive Functioning (standard version) (Powell et al., 1993) . The MicroCog is a computer-administered and -scored test that assesses important neurocognitive function in adults. MicroCog was designed to be sensitive to detecting cognitive impairment across a wide range, and takes into account levels of premorbid intellectual functioning by providing age-and education-level adjusted norms.
Normative scores derived from a nationally representative sample of adults are available for each test, either from the creators or distributors of the tests. Z-scores for the neuropsychological domains and measures were computed based on standardized norms adjusted for age [Stroop (Golden, 1978) , Short Categories (Wetzel and Boll, 1987) , PASAT (Stuss et al., 1988 ), Block Design (Wechsler, 1997 , and Rey (Denman, 1987) ]; years of education [AMNART (Schwartz and Saffran, 1987) ]; age and years of education [Symbol Digit Modalities (Smith, 1982) , MicroCog (Powell et al., 1993) ]; and age, gender, and years of education [Trails A and B (Heaton et al., 1991) , COWAT (Ruff et al., 1996) ]. The Stroop, Symbol Digit Modalities, and the MicroCog test norms are not specific to gender, as gender did not significantly affect scores in the normative samples (Golden, 1978; Powell et al., 1993; Smith, 1982) . The AMNART was used to estimate premorbid IQ (Grober and Sliwinski, 1991) . The AMN-ART did not have age norms because the test was designed to be resistant to the effects of normal aging and most neurodegenerative diseases. Additionally, Grober and Sliwinski, (1991) have reported that gender does not influence AMNART scores. The Z-scores were standardized so that all positive Z-score values indicated superior performance.
The final neuropsychological (NP) battery consisted of the following 9 domains, and their component tests: (1) 
Assessment of Premorbid Brain Size
T1-weighted magnetic resonance images (MRIs) (TR ⁄ TE ⁄ -NEX = 35 ⁄ 5 ⁄ 1: 0.859 · 0.859 mm 2 in-plane resolution, contiguous 1.3-mm thick slices) were collected on a 1.5 GE Signa Infinity with the LX platform (GE Medical Systems, Waukesha, WI) located at the Pacific Campus of the California Pacific Medical Center in San Francisco, CA. Premorbid brain size was assessed using the FMRIB Software Library's (FSL's) SIENAX procedure (Smith et al., 2002) (http://www.fmrib.ox.ac.uk/fsl/siena/index.html), which produces a measure of the size of an individual's cranium relative to that of the MNI152 template. We recently showed that the FSL measure is comparable to the intracranial vault measure derived from the outer boundary of sulcal CSF from T2-weighted MRIs . One male from the EAA1 group did not participate in the MRI session for medical reasons, and thus he was not included in analyses of associations with cranium size.
Statistical Analysis
The data were analyzed using the Statistical Package for the Social Sciences (SPSS Inc., 2004) . First, a Multivariate Analysis of Variance examining the domain Z-scores was carried out using the General Linear Models procedure. To control for multiple comparisons, individual domain Z-scores were examined only if the multivariate tests were significant. Within the EAA groups, associations of demographic and alcohol use measures with the cognitive measures were examined using Spearman correlations. For the alcohol dose and cranium size measures, gender means were subtracted for all subjects to remove the known differences between males and females (males drink more and have larger craniums), and to thus increase our sensitivity to detect associations with cognitive measures. We also examined this data using linear regression analyses for each cognitive domain to determine the best predictors of performance in that domain. Some of the controls were used with more than one of the EAA groups so that the comparisons were between an EAA group and age and gender comparable controls.
RESULTS
Demographic and Alcohol Use Variables
The EAA and control groups were similar on age (F 1,142 = 1.79, p < 0.18) and AMNART estimated IQs (F 1,142 = 1.19, p < 0.27). Compared with controls, the EAAs had fewer years of education (15.7 vs. 16.5 years; F 1,141 = 3.47, p = 0.06), slightly larger craniums (F 1,141 = 2.74, p = 0.10), and lower family history densities of alcoholism (0.14 vs. 0.32; F 1,142 = 21.79, p < 0.001). All of the abstinent alcohol groups had similar levels of education (F 2,89 = 1.77, p = 0.18) and AMNART estimated premorbid IQs (F 2,90 = 2.71, p = 0.07). Female EAAs had smaller craniums than men (F 1,89 = 56.14, p < 0.001), and there was a group by gender interaction (F 2,89 = 4.26, p = 0.017), wherein males that achieved abstinence later had larger craniums than males that had achieved abstinence earlier, with the effect size being about one-fourth that of the gender effect. In addition, all of the groups had a similar proportion of individuals that had received treatment for their alcohol use (v 2 = 1.09, p = 0.58). The EAA3 group was significantly older than the other 2 abstinent alcoholic groups. The EAA1 group had a higher proportion of first-degree relatives that were ''problem drinkers'' than either the EAA2 or EAA3 groups (all p-values < 0.07), suggesting a greater genetic loading for alcoholism. The groups also differed on measures of their prior alcohol use. Although all 3 groups had their first drinks at 17 to 19 years of age, the EAA1 group began drinking heavily at a younger age (25.3 ± 6.6 years) than the EAA2 (29.0 ± 8.6 years) and EAA3 groups (34.5 ± 11.5 years). Figure 1 illustrates the differences between the groups in their periods of heavy drinking. Furthermore, males in the EAA3 group had lower lifetime drinking doses (standard drinks ⁄ month) than males in EAA1 and EAA2. All the 3 groups had similar durations and doses during their peak alcohol use. Table 1 summarizes the demographic and alcohol use difference among the EAA groups.
NP Performance of the 3 EAA Groups
Multivariate analyses, comparing the 3 EAA groups with each other, revealed significant group differences (Wilks k 18,142 = 0.679, p < 0.05). Examining the individual domains showed that the differences were primarily in delayed memory (F 2,84 = 6.15, p = 0.003) and spatial processing (F 2,84 = 3.80, p < 0.03) with the EAA3 performing the best and the EAA1 group performing the worst on both domains. Multivariate analyses did not reveal any significant gender or group by gender effects. However, data uncorrected for multiple comparisons revealed 1 group by gender interaction difference on the assessment of verbal ability (F 2,84 = 3.16, p < 0.05). Fig. 1 . In the figure, the horizontal lines begin at the onset of heavy drinking and end at the ages at which abstinence was achieved for each member of the abstinent alcoholic groups.
NP Performance of Individuals That Achieved Sobriety Before 50 Years of Age
Multivariate test analyses revealed a difference between the EAA1 group and their controls (Wilks k 9,58 = 0.653, p = 0.002). However, the only individual neuropsychological domain that differed between the groups was auditory working memory (F 1,69 = 7.86, p = 0.007), with the abstinent alcoholic group performing poorer than controls. No gender or group by gender differences were observed (see Table 2 ).
NP Performance of Individuals That Achieved Sobriety Between 50 and 60 Years of Age
The multivariate test did not reveal any group differences (Wilks k 9,37 = 0.742, p = 0.211), gender differences, or group by gender interactions. Although not controlled for multiple comparisons, the EAA2 group performed better than controls in the areas of attention (F 1,48 = 10.867, p = 0.002), men performed better than women in auditory working memory (F 1,48 = 5.11, p < 0.03), and the EAA2 females performed better than the control females on the verbal ability domain (F 1,48 = 4.63, p < 0.04) (see Table 3 ).
NP Performance of Individuals That Achieved Sobriety After 60 Years of Age
Multivariate tests did not reveal group, (Wilks k 9,36 = 0.688, p = 0.099) gender, or group by gender interactions. However, uncorrected for multiple comparisons, the EAA3 group performed better than the control sample on the assessments of immediate memory (F 1,47 = 6.68, p < 0.02), delayed memory (F 1,47 = 4.55, p < 0.04), and reaction time (F 1,47 = 6.42, p < 0.02), with no areas in which the EAA3 group performed worse than controls. A group by gender interaction was observed in the assessment of spatial processing (F 1,47 = 4.37, p < 0.05) with the EAA3 women performing better than their controls (see Table 4 ).
Associations Between Neuropsychological Test Scores, Demographic, and Alcohol Use Variables
Within the EAA samples, lifetime duration of alcohol use was positively associated with the average Z-score across domains (r = 0.28, p = 0.008) and with performance in the attention (r = 0.24, p = 0.021), abstraction ⁄ cognitive flexibility (r = 0.26, p = 0.013), delayed memory (r = 0.26, p = 0.014), reaction time (r = 0.22, p = 0.034), and spatial processing (r = 0.39, p < 0.001) domains. After adjusting for gender, alcohol lifetime dose was negatively correlated with performance in the abstraction ⁄ cognitive flexibility (r = )0.31, p = 0.003) and the spatial processing (r = )0.21, p = 0.042) domains.
After adjusting for gender, within the control group the cranium size index was positively associated with ability in the domain of abstraction ⁄ cognitive flexibility (r = 0.27, p = 0.05). Within the EAA subjects, the cranium size index was positively associated with average Z-score ability (r = 0.21, p = 0.047) in the domains of abstraction ⁄ cognitive flexibility (r = 0.293, p = 0.005) and spatial processing (r = 0.24, p = 0.021), with a trend toward an association for reaction time (r = 0.19, p = 0.074).
Regression analyses showed that the predictors accounted for less than 6% of the variance of all domains except for abstraction ⁄ cognitive flexibility (adjusted r 2 = 14.2%) and spatial processing (adjusted r 2 = 13.9%). For abstraction ⁄ cognitive flexibility, the predictors were lower average lifetime doses and increased cranium size. For spatial processing, the predictors were longer lifetime duration of alcohol use, longer duration of abstinence, and increased cranium size.
DISCUSSION
This study examined cognitive function in 3 groups of elderly abstinent alcoholics; those who attained abstinence before 50 years of age (EAA1), between 50 and 60 years of age (EAA2), or after 60 years of age (EAA3), all compared with age and gender comparable light ⁄ nondrinking controls. The controls had smaller craniums than the abstinent alcoholics, consistent with brain reserve capacity playing a role in cognitive function differences (or the lack thereof) between the groups. The only abstinent alcoholic group to perform significantly worse than their control sample was the EAA1 group, and this was only on the assessment of auditory working memory. However, given that the EAA1 group had significantly fewer years of education than their controls, and that auditory working memory was associated with years of education (r = 0.23, p = 0.008), this finding should be interpreted with caution. In addition, the EAA1 group had the highest family history density for alcoholism as well as the earliest onset of alcoholism, both implying a higher genetic loading, which may have also contributed to premorbid impairments in auditory working memory in the EAA1 group.
Somewhat surprisingly, the abstinent alcoholics from the EAA2 and EAA3 group performed better than controls on a number of domains; however, those comparisons were uncorrected for multiple comparisons. The EAA2 group performed better than controls on the assessments of attention, verbal ability, and the EAA3 group performed better than controls on the immediate memory, delayed memory, and reaction time assessments. In addition to using published norms, we also calculated age and education adjusted Z-scores using our controls as the normative sample. That analysis strategy did not change the findings.
Another interesting result was the alcohol use differences seen between the abstinent alcoholics groups. The individuals that attained abstinence before 50 years of age met criteria for heavy drinking at a younger age than either the EAA2 or EAA3 group (25.3 years old vs. 29.0 years old and 34.5 years old, respectively), and on average drank 53.2 more drinks per month than the EAA3 group (adjusted for the difference between the groups in gender composition). The EAA2 group also on average drank 76.8 more drinks per month than the EAA3 group (also adjusted for the difference between the groups in gender composition). Furthermore, the EAA1 group had significantly higher proportions of relatives taht were ''problem drinkers'' than either the EAA2 or EAA3 group. The combination of a later onset of heavy drinking and a relatively low family history density for alcoholism indicates that the EAA2 and EAA3 groups are late-onset alcoholics, in comparison to the EAA1 group, which has the characteristics of early-onset alcoholics. Interestingly, the alcohol use and family history of the EAA1 participants are highly similar to the participants from our recently published study on 35 to 55-year-old long-term abstinent alcoholics (Fein et al., 2006) . There are a number of possible explanations for our findings. First, selective survivorship may have played a role. Measures are reported as mean ± standard deviation. Effect is significant: * = p £ 0.05; ** = p £ 0.01. Units of measurement for the individual tests are as follows: MicroCog, reported as a scaled score automatically adjusted for age and years of education; Short Categories, total number of errors out of 100; Stroop, number of items correctly identified in 45 seconds; Trails A and B, number of seconds required to complete the trail task; PASAT, number correct out of 60; Rey Immediate and Rey Delayed, maximum score of 72-based on correctly drawing 24 units of the picture with point values from 0 to 3 based on level of correctness; Symbol Digit Modalities, number of correct substitutions in a 90-second interval; Block Design, score is calculated based on seconds taken to complete the design (a score of 0 is given if design cannot be completed in 2 minutes or less; total maximum score attainable = 68); COWAT, number or words participant verbalizes in 3 different 1-minute intervals for letters C, F, and L.
The overall domains abstraction ⁄ cognitive flexibility, attention, auditory working memory, immediate memory, delayed memory, psychomotor, reaction time, spatial processing, and verbal are all reported as Z-scores.
Heavy alcohol consumption has been shown to negatively impact life expectancy both directly and indirectly (Goldacre et al., 2004; Jarque-Lopez et al., 2001; McDonnell and Maynard, 1985; Ojesjo et al., 1998; Poldrugo et al., 1993; Rehm et al., 2006; Sher, 2005; Wojtyniak et al., 2005) . Furthermore the CDC reported that in 2001, there were approximately 75,000 deaths attributable to either excessive or risky drinking in the United States, making alcohol the third leading actual cause of death (Centers for Disease Control, 2004) . Given the negative impact of alcoholism on life expectancy, selective survivorship increases the likelihood that cognitively healthier alcoholics are more likely to survive into their 60s, 70s, or 80s of age.
Second, it is possible that maintaining sobriety in the face of cognitive impairment is more difficult as individuals' age. That is, those who were less cognitively intact may have been more likely to relapse into active drinking, and thus were not included in this study. 11.3 ± 0.5 11.7 ± 0.7 11.5 ± 0.6 11.6 ± 0.5 0.1 4.4 1.6 MicroCog Numbers Forward 10.9 ± 3.0 12.5 ± 3.9 7.9 ± 3.4 8.5 ± 4.0 20.7*** 2.3 0.5 MicroCog Numbers Reversed 11.1 ± 3.4 9.1 ± 3.5 7.9 ± 4.2 7.7 ± 3.0 9.3* 2.2 1. 118.0 ± 8.3 123.4 ± 5.0 120.1 ± 7.5 115.5 ± 6.6 3.8 0.1 11.0* COWAT 38.6 ± 11.7 47.6 ± 15.1 38.1 ± 11.3 33.7 ± 6.4 9.1* 1.0 7.9* Average Z-score 0.36 ± 0.49 0.40 ± 0.32 0.27 ± 0.40 0.03 ± 0.36 8.7* 1.5 2.9
Measures are reported mean ± standard deviation. Effect is significant: *p £ 0.05; **p £ 0.01; ***p £ 0.001. Units of measurement for the individual tests are as follows: MicroCog, reported as a scaled score automatically adjusted for age and years of education; Short Categories, total number of errors out of 100; Stroop, number of items correctly identified in 45 seconds; Trails A and B, number of seconds required to complete the trail task; PASAT, number correct out of 60; Rey Immediate and Rey Delayed, maximum score of 72-based on correctly drawing 24 units of the picture with point values from 0 to 3 based on level of correctness; Symbol Digit Modalities, number of correct substitutions in a 90-second interval; Block Design, score is calculated based on seconds taken to complete the design (a score of 0 is given if design cannot be completed in 2 minutes or less; total maximum score attainable = 68); COWAT, number or words participant verbalizes in 3 different 1-minute intervals for letters C, F and L.
The overall domains abstraction ⁄ cognitive flexibility, attention, auditory working memory, immediate memory, delayed memory, psychomotor, reaction time, spatial processing, and verbal are all reported as Z-scores. Third, it is also possible that the abstinent alcoholics we studied may never have suffered from significant cognitive impairments, even while they were actively drinking. There have been a number of studies through the years that indicate normal cognitive performance in chronic alcoholism is possible (Brokate et al., 2003; Grant et al., 1979; Guthrie and Elliott, 1980; Krabbendam et al., 2000) . The greater cranium size in the EAA sample is consistent with this hypothesis. They are also consistent with the findings of Katzman et al. (1988) in a postmortem investigation of Alzheimer's disease. They studied 137 nursing-home residents and found 10 individuals whose autopsy revealed a quantity of neocortical plaques comparable with that observed in patients with Alzheimer's disease, but whose cognitive performance was comparable with that of control subjects (nondemented subjects without Alzheimer's disease or other brain lesions). In addition, the brain weights and number of large neurons in 120.8 ± 4.7 119.0 ± 5.7 118.9 ± 7.6 117.3 ± 5.5 2.1 1.8 0.0 COWAT 38.9 ± 9.0 39.8 ± 13.4 37.9 ± 9.0 38.2 ± 4.5 0.4 0.1 0.0 Average Z-score 0.44 ± 0.37 0.34 ± 0.49 0.33 ± 0.37 0.12 ± 0.43 3.8 3.3 0.4
Measures are reported mean ± standard deviation. Effect is significant: * = p £ 0.05; ** = p £ 0.01 Units of measurement for the individual tests are as follows: MicroCog, reported as a scaled score automatically adjusted for age and years of education; Short Categories, total number of errors out of 100; Stroop, number of items correctly identified in 45 seconds; Trails A and B, number of seconds required to complete the trail task; PASAT, number correct out of 60; Rey Immediate and Rey Delayed, maximum score of 72-based on correctly drawing 24 units of the picture with point values from 0 to 3 based on level of correctness; Symbol Digit Modalities, number of correct substitutions in a 90-second interval; Block Design, Score is calculated based on seconds taken to complete the design (a score of 0 is given if design cannot be completed in 2 minutes or less; total maximum score attainable = 68); COWAT, number or words participant verbalizes in 3 different 1-minute intervals for letters C, F and L.
The overall domains abstraction ⁄ cognitive flexibility, attention, auditory working memory, immediate memory, delayed memory, psychomotor, reaction time, spatial processing and verbal are all reported as Z-scores.
these cognitively normal patients with a high quantity of plaque were significantly greater than those of the control group. Katzman et al. (1988) concluded that these clinically healthy individuals with a high quantity of plaque had incipient Alzheimer's disease, but were cognitively intact because of a greater neuronal reserve associated with their larger than average brains.
Our results showed that it is possible for elderly alcoholics with at least 6 months abstinence to exhibit essentially normal cognitive functioning, even if they drank during their 50s or 60s. These findings argue against the hypothesis that aging brain is more vulnerable to the effects of alcohol. However, we noted that it is also possible that the aging brain is indeed more vulnerable, but that cognitive deficits resulting from chronic alcohol abuse tend to resolve with significant abstinence, or that a subgroup of elderly alcoholics exist who have sufficient brain reserve capacity to have normal cognitive performance once they have had a reasonable period of abstinence. These results do not suggest by any means that all elderly chronic alcoholics with long-term abstinence will attain normal cognitive function.
Finally, our results suggested that brain reserve capacity is important in modulating the clinical manifestations of chronic alcoholism on cognitive function, especially in an elderly sample. In multigenerational alcohol-or drug-dependent individuals, reduced reserve capacity is a likely result of a less than optimal prenatal and postnatal environments Gilman et al., 2007) . This reduced reserve capacity may exacerbate cognitive impairments secondary to alcohol abuse, and should be examined as a modulating variable where possible.
